Water erosion threatens large agricultural areas in Benin. This study dealing with the effect of personal household's attributes and field physical characteristics on erosion control practices was carried out in the watershed of Zou. A total of 390 farmers distributed in six were randomly sampled. Questionnaires, interview, focus group discussion and field observation were used as the main data collection technics. It allowed to collect sociodemographic and institutional characteristics and have a view on the effectiveness of the erosion control practices adoption. The data were analyzed using descriptive statistic and logistic regression. Ridging parallel to the slope (40.77% in adoption); mulching (11.03% in adoption); isohypse ridging (16.67% in adoption) and no-tillage (8.46 in adoption) were inventoried as soil erosion control practices on the watershed. It appears that that the household's sociodemographic and institutional attributes and field physical characteristics significantly affected the adoption of the inventoried water erosion control practices. Sex, education, farmer's organization membership, landownerships, access to agricultural advice service, position of the field on the toposequence and presence of water stream significantly influenced the soil erosion control practices adopted on the watershed. The results of this study showing that set of factor sway farmers to adopt soil erosion control practices can help policy makers to upscale the adoption of the practices and soil scientists to orient their research programs on erosion control practices.
Introduction
Soil erosion is a major environmental and agricultural problem and affects worldwidly more than 10 million hectares per year (World Economic Forum, 2010) . Some statistic showed that it has caused about 85% of the world land to be degraded and 17% of crop production to be reduced (Scherr & Yadav, 1996) . Africa hosts more than 45% of the total erosion affected people and soil lost by erosion concern about 5 to 6 million hectares of land each year (Assefa, 2009; FAO, 2002) . In Benin, water erosion is a major process of soil degradation (Kouelo et al., 2015a) . In many agroecological areas, erosion has leach the top soil (Assogba et al., 2017) . Thus, Barthès et al. (2002) have shown that the different regions of Benin are sensitive to rain aggressiveness. Toko & Sinsin (2008) and Avakoudjo et al. (2013) have found that northwestern part of Benin is marked by the phenomenon of massive land loss called "Donga". Azontondé et al. (2016) have showed that the agroecological zones 3 and 5 are affected by water erosion due to splash and runoff and gully erosion. In central Benin, water erosion is very recurrent due to the rains aggressiveness; non-sustainable agricultural practices (Igué et al., 2013) ; and geological material formed on the very waterproof peneplain (Adam & Boko, 1993) . For several years, soil erosion control strategies have been developed and tested by agricultural research and extended with farmers. Many soil erosion control practices were introduced in Benin since 1960. The most important are mulching, no - 
Collection Tools and Data Collection
Questionnaires, interview, focus group discussion and field observation were used as the main data collection technics. The questionnaire included both closed and opened questions. The questionnaire enabled to collect data from representative sample of farmers. Interview was conducted with key informants who were considered knowledgeable about the general situation of soil and water conservation practices. Field observation enabled to verify the effectiveness of the SEC practices adoption, visual indicators of erosion and the physical characteristics (position of the field on the toposequence, presence of water stream) of the farms. However, articles, thesis, annual reports and statistical data about the physical and socio-economic conditions of the study area were used for enhancing the information collected from informants and field observation.
Analytical Approach

Descriptive Statistic
Data are analysed using descriptive statistics and frequencies in SPSS 20. The Chi square test is conducted to statistically verify whether there is a dependency between soil erosion control practices and physical characteristic of the farms.
Modelling of Determinants of Soil Erosion Control (SEC) Practices
In the econometric literature, the most used models for analysing the influence of qualitative or quantitative variables on a dependent dichotomous variable are generally grouped in four types: i) models with linear probability; ii) logistics function (LOGIT); iii) functions with normal density (PROBIT) and iv) limited dependent variable models (Tobit) (Ngondjeb, 2011) . For all of them, the objective is the modelling of an alternative (Y = 1 or Y = 0) and thus to estimate the probability associated with the event Y = 1. But Tobit models are used in the case of limited dependent variables. LOGIT models are considered approximations of PROBIT models for simpler calculations. In this article, we have therefore chosen the Logit model to identify and analyse the factors determining the adoption of anti-erosion practices. Due to the fact that the dependent variable under consideration has four independent modalities, a multinomial logistic regression was used. Using this model, it was assumed that the adoption of an erosion control practice depends significantly on the socio-demographic, institutional characteristics of farm managers and the biophysical characteristics of farms. Non-adoption (NoPra) was considered as a reference variable. The dependent variables include soil erosion control practices adopted in studied area. The investigated practices are: Ridging parallel to the slope; isohypse ridging; mulching and no tillage.
Previous studies have related to decisions of adoption soil conservation strategies, including soil erosion control practices. Factors determining famers' decision are often ranged as sociodemographic, institutional of the household and biophysical characteristics of the farm (Amsalu & Graaff, 2007; Mango et al., 2017; Asfaw & Neka, 2017) . In this study, the independent variables taken in account can be grouped into two categories: (i) the sociodemographic and institutional variables of households and (ii) the biophysical characteristics of farms ( Table 2 ). The socio-demographic and institutional characteristics are: age of the household head, sex of the household head, the literacy status and the level of education household head, the access of the extension services, farmer's organization membership, the household size and land tenure. The influence of the chosen explicative variables on the adoption of Soil and Water Conservation (SWC) including Soil Erosion Control (SEC) practices is widely documented. Barungi and Manga (2011) , Asfaw and Neka (2017) , Ngondjeb et al. (2011) , and Jara-Rojas et al. (2012) showed that the decision to adopt SEC practices depend positively at statistical significant level on the sex, the ownership of land, access to extension services and training and farmer's organization membership of household heads. Tiwari et al. (2008) reported that age of household heads negatively influenced at statistically significant level farmer's decision to adopt SEC practices. McDonald and Brown (2000) concluded that farmers rarely sustain the technical solutions offered by external interventions in the long term unless consideration is given to the biophysical and technical factors. Biophysical factors as slope were considered as determining of stone terraces adoption for soil and water conservation in an Ethiopian highland watershed by Amsalu and Graaff (2007) . 
Results
Descriptive Statistics
The descriptive statistics related to the selected household's attributes and the characteristics of the investigated farms are presented in Table 3 . It was appeared that sampled informants are mostly male (61.54%). The age's class most represented are 20-30 years-old and 30-40 years-old. Moreover, households with a number of active men between 0 and 5 were most considered in this study. As far as educational status is concerned, important part of sampled farmers is non-literate and do not has access to formal school. About eighty percent (80%) of informants are not members of any farmer's organization, 61.03% are land owners, and about 14% have access to agricultural advice services. Concerning soil erosion control practices adoption, it is noteworthy in Table 3 that more than 70% of male informants; 60% of literate informants; 75.47% of informants who have access to advice service and 93.70% of informants who are land owner are adopters. Farms located at the top of the slope represent 61.54% of the farms surveyed in this study and 45.83% of them is adopter of at least one erosion control practice. 40% and 20.80% of the farmers whose fields are located at the middle slope and at the downslope adopt at are adopter and 59.03% of the fields located near a water stream are adopter. 
Visible Indicators of Water Erosion
Six visual indicators of erosion were inventoried in the surveyed farms ( Figure 2 ). They were: Rill ( Figure 3A ), Fall of crop ( Figure 3B ), Gully ( Figure 3C ), Ridges destruction ( Figure 3D ), Runoff ( Figure 3E ), and Naked root of crop ( Figure 3F ). But the visible witnesses of water erosion depend significantly on the situation of the field on the toposequence (χ² = 31.73, p = 0.0015) and the proximity of the field of water stream (χ² = 91.32, p < 0.0001). In the fields located at the top of the slope, the most visible indicators of erosion are the fall of the crops installed (33.33%) and the destruction of the ridges (26.19%). In the fields located in the middle, the most identified indicators are the fall of the crops (40.65%) and the presence of gully (33.18%). At Downslope, about 22% of the studied field do not have visible erosion indicators. But at this position of the toposequence, naked crop roots were the most observed (24.56%). In more than 70% of the fields whichout main stream or affluent, no visible indicators of water erosion have been identified (Table 4 ). The most visible erosion indicator observed in the fields where there is main watercourse or a tributary, are the fall of culture (37.99%); gully (26.68%) and naked root of crop (19.49%).
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The param BETA = 0 meaning th the likelih terms acro Pearson G Concernin org rosion Control fic adoption in ranged from 8 of the four pra and mulching : (i) practices ( Figure 4A ). T C) and no-tillag ed parallel to s ching is one o rop residues an ny actual soil w "Testing Globa he model fits al to zero is rej thesis that cova ) = 622.49, p > dicate no lack del explains 69 Vol. 11, No. 17;  erved that adop ulative intensit practices. How ped into two b t category incl parallel to the whose seedling llowing the con y area, the mul sts in direct so proportional to ohypse ridging ) al Null Hypoth the data very ejected. In add ariance of the > Chi² = 1.000 of fit in the m 9% of the tota Finding highlight that household's age positively affected adoption of Ridging parallel to the slope, no tillage, while the effect was negative on the adoption of Isohypse Ridging (Table 7) . The odds of a farmer unexpectedly adopting Ridging parallel to the slope and no tillage were found to increase with the age of the household head, respectively by a factor of 2.83 and 1.06. However, Mulching and Isohypse Ridging adoption were found to decrease with the household head 'age respectively by factor of 0.13 and 0.36. The literacy of household head significantly influenced their decision to adopt Isohypse Ridging. The Wald test (Wald Chi-sq = 11.20; p-value = 0.0008) confirm this effect and the odd ration showed that literate farmer more adopts Isohypse Ridging by a factor of 17.91 compared to illiterate farmer. Sex significantly and positively determined the household head decision to adopt one least soil erosion control practices. The odds ratio displayed that men are more adopters by a factor of 5.89; 6.07; 11.52 and 4.65 compared with women respectively for Ridging parallel to the slope; Isohypse ridging; Mulching and no-tillage. The number of years of formal education positively correlated with the adoption of Isohypse Ridging; mulching and no-tillage but negatively correlated with adoption Ridging parallel to the slope. The values of the Wald test show that this correlation is significant for Isohypse Ridging (Wald Chi-sq = 2.88; p-value = 0.0894); mulching (Wald Chi-sq = 4.77; p-value = 0.0289) and Ridging parallel to the slope (Wald Chi-sq = 5.97; p-value = 0.0145). The odds ratio has showed that one-years increase of formal education for the household head is associated with an increasing of adoption of Ridging by a factor of 0.75 and the adoption of mulching by a factor of 1.54; while one-years increase of formal education for the household head is associated with a decreasing of Ridging parallel to the slope by a factor of 1.52. We found a positive significant correlation of farmer's organization membership with whole the investigated soil erosion control practices. The odd ratio displayed that compared to the farmers who are not organization members, those who are organization members of the household head adopts of Ridging parallel to the slope by 95%; adoption of Isohypse Ridging by 84%; adoption of mulching by 27% and no-tillage adoption by 64%. The results showed that land ownership is significant determinant of the erosion control practices adopted. It was found out that land owners are more adopters of Ridging parallel to the slope; Isohypse Ridging Mulching and No tillage. The access to agricultural advice service significantly influenced soil erosion practice adoption. The relationship of these variables with adoption is positive. As far as the influence of physical characteristics of the farms are concerned, the model revealed that in the farms localized at the middle of the slope, isohypse ridging and mulching are significantly adopted by a factor of 4.17 and 5.80 respectively in comparison with the farms localized on the top the slope. In the farms localized at downslope, ridging parallel to the slope, isohypse ridging, mulching and No tillage practices are significantly adopted. The presence of a main water stream or a tributary significantly influenced the decision to adopt an anti-erosion practice. In fact, the presence of water stream increases positively the adoption of ridging parallel to the slope, isohypse ridging, mulching and No tillage by 9.83; 19.86; 17.61 and 5.28 compared with non-presence of water stream. Table 7 . Multinomial Logit regression results for adoption of the water control erosion practices in the Zou watershed (* for p-value significant at 10%; ** for p-value significant at 5%; *** for p-value significant at 1%). mr denote the reference modalities 
Discussion
Erosion Control Practices Adoption
Erosion, runoff and nutrient loss constitute a tripling of phenomena that threaten the sustainability of agricultural production systems, especially in developing countries. In many rural areas, local people adopt many ancestral and / or popular practices for erosion control. On the watershed of Zou, four practices have been identified. Ridging parallel to the slope and Isohypse Ridging were fund to be more adopted. The SEC practices inventoried can be grouped into two broad categories: (i) practices affecting tillage and (ii) practices acting on land cover. The first category concerns Ridging parallel to the slope, isohypse ridging and no-tillage. The second category concerns mulching. These practices are widely known as SWC practices (Abdulai & Huffman, 2014; Akplo et al., 2017; Kpadonou et al., 2017) . The Ridging parallel to the slope is a type of tillage whose seedling lines are oriented parallel to the direction of the slope. Isohypse ridging designates a type of ridging made according the contour lines. Mulching is one of the most important soil and water conservation technics. In the study area, the mulch is made of crop residues and weeds mown during soil preparation. For some authors, residue cover protects soil from degradation caused by raindrops (Akplo et al., 2017) . With the removal of vegetation cover and fallow, inherent fertility is drastically reduced and accelerated erosion (Nyakatawa et al., 2001; Isikwue, 2005; Mazarei & Ahangar, 2013) . Peigné et al. (2007) have reported that conservation tillage covers a range of practices which conserve soil moisture and reduce soil erosion by maintaining a minimum of 30% of the soil surface covered by residue after drilling. No-tillage practice consists in direct sowing. The seedling poop is made with a machete or hoe on a depth proportional to the size of the seed. No-tillage practices are wildly considered to conservation tillage (Labreuche et al., 2007) . Reducing the intensity of soil tillage decreases energy consumption and the emission of carbon dioxide, while increasing carbon sequestration and soil stability (Holland, 2004) .
Determinants for Water Erosion Control Practice
It has longtime been argued that farmers only agree to adopt new or old technology when they find economic interest in it (Kabunga et al., 2012) . But other non-direct economic factors could motivate the decision of adoption. The findings highlight that adoption of at least one soil erosion control strategy is significantly influenced by the household's age. Farmers adopting Ridging parallel to the slope and no tillage were found to increase with the age of the household head, respectively by a factor of 2.83 and 1.06 and mulching and isohypse ridging adoption were found to decrease with the household head's age respectively by factor of 0.13 and 0.36. In other words, the older people adopt Ridging parallel to the slope and no tillage and the younger ones adopt more isohypse ridging and mulching. These adoption preferences can be explained, on the one hand, by the fact that older people are less able to provide the physical effort required to adopt certain practices than younger ones who can provide physical effort to pick up straws, crop residues and use them as mulch and also to do ridging parallel to the slope. The positive influence of age has been demonstrated by Mango et al. (2017) and Fikru (2009) . However, Bekele and Drake (2003) , Tiwari et al. (2008) , and Ngondjeb et al. (2011) have found out that the household's age is negatively correlated with the soil erosion practices adoption. Sex significantly and positively influenced the household head decision to adopt one least soil erosion control practices. This is explained by the fact that the most of the practices require physical effort and additional work on the part of the adopter. Women are more charged to the housework and housekeeping (Asfaw & Neka, 2017) . Similar results were obtained by Aberha (2008) and Krishna et al. (2008) who have shown that men adopt more SWC including SEC practices, compared to women. The influence of the household active men size was not significant for the adoption of SEC practices. These results are consistent with those obtained by Mango et al. (2017) and those of Amsalu and De Graaff (2007) who conclude in studies in South Africa and Ethiopia that household size does not influence the decision of whether or not to adopt a practice of soil and water conservation including erosion control practices. Contrary to our findings, Bekele and Drake (2003) showed a significantly negative relationship between household size and adoption of conservation practices. The adoption of isohypse ridging as SEC practices is significantly influenced by literacy and the literate household heads are more adopters. The number of years of formal education also increase farmer's decision to adopt isohypse ridging; mulching and no tillage but negatively correlated with ridging parallel to the slope. These results highlight that literacy and education are keys pillars in SEC practices adoption. Such finding has been made by Brett (2004) , and Adesina (2000) . In addition, the preferential adoption of effective control practices (isohypse ridging, mulching and no-tillage) by the literate and those with an advanced level of education testifies to the fact that these practices require a technological floor that access to education allowed them to have. We found a positive significant correlation of farmer's organization membership with whole the studied soil erosion control practices. This observation justifies the fact that within farmers' organizations, producers exchange their own experiences with each other and are well informed about various technological innovations. Through technical supervision, they benefit from various trainings by technical extension agents and various projects (ProSol in example). Nyangena and Juma (2014) , and Bandiera and Rasul (2006) attributed a strong adoption of soil conservation and anti-erosion practices to membership of a social network and access to the technical support of farmers. Land ownership had a positive impact on the adoption of ridging parallel to the slope; Ridging across the slope Mulching and No tillage, suggesting that farmers are more likely to adopt these practices on owned plots. Kpadonou et al. (2017) had supposed that this can be explained by the Marshallian inefficiency hypothesis where input use by the tenant on rented or borrowed land is lower or less efficient than on owned land. As far as the influence of physical characteristics was concerned, the findings revealed that on the farms localized at middle of the slope, isohypse ridging and mulching were the most adopted while at downslope, the adopted practices were ridging parallel to the slope, isohypse ridging, mulching and no-tillage. This indicates that at mid-slope and at the bottom of the slope, runoff is concentrated and erosion is more obvious. This leads farmers to resort to erosion control practices. The importance of the slope in the erosive phenomenon is widely recognized (Sadiki et al., 2005; El Garouani et al., 2007; Togbé, 2018) . The presence of watercourses increases positively the adoption of at least one inventoried practices. This means that in the fields next to a watercourse, there is an emergency or need to take anti-erosion measures. In fact, the runoff flows to the watercourse, which leads farmers to control measures. The isohypse ridging slows down and sometimes cancels the flow of water. Mulch shields raindrops, preventing the detachment of soil particles. No-tillage avoids the loosening of clods of earth and greatly limits their training with runoff water.
Conclusion and Policy Implications
The objective of this study is to determine the factors influencing the adoption of different water erosion control practices on the watershed of Zou. Four Soil Erosion Control practices were inventoried. We found that overall, 67% of the studied household adopted at least of one of the inventoried SEC practices. However, specific adoption rates are still very low for no-tillage and mulching. To provide a more comprehensive understanding of the challenges around the adoption of these practices, we used a multinominal logit. The findings showed that sex, age, land ownership, educational status, membership farmer's organization, access to agricultural advice service significantly determine the water erosion control practice adopted. Policymakers need thus (a) to target practices with lower adoption rates and provide farmers with further incentives towards the intensification of their use; (b) to includ water erosion control practices in the study area should take into account these factors and (c) to encourage the access to advice service, farmers network, literacy and training of farmers in particular to the young farmers as they play a key role in the adoption process of SEC practices as major labor suppliers within the farm.
